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I NTRODUCTION 
Over the last decade the widespread occurrence of poly-
nuclear* formation in solutions containing polyvalent metals has 
come into general recognition . Yet for many common systems little 
or no information is available concerning the importance of poly-
nuclear species . The present study has been undertaken in order 
to obtain further knowledge about the existence of polynuclear 
species in aqueous solutions containing iron(III) ions and certain 
carboxylic acids . 
Pfeiffer (36) was among the first to postulate the existence 
of polynuclear species . After he had observed the reaction of 
hydrochloric acid on some chromium salte , he suggested the possi-
bility of two chromium atoms being shared by one hydroxyl group . 
Werner (53) has described the preparation of some compounds of 
1 . 
this type . These ideas were extended by Thomas and Von Wicklin (47) 
who presented evidence by means of pH and conductometric titra-
tions for polynuclear species in chromium(III ) - oxychloride 
colloidal systems . Clay and Thomas (12 ), by studying the effects 
of certain acids upon the rate of dissolution of hydrous alumina , 
*Throughout this paper the term " polynuclear" is used in accordance 
with current convention in inorganic chemistry; i . e . it will refer 
to complex species which contain two or more metal atoms . 
came to the conclusion that bridged species were present . 
Tpe preparation of some polynuclear complexes of cobalt (Ill) 
is given in Gmelin (16). 
In recent years both qualitative and quantitative work 
has been undertaken on a number of different systems contain-
ing polynuclear complexes . Thus , for example , equilibrium 
data on polynuclear formation in aqueous solution have been 
reported for scandium(III) by Kilpatrick and Pokras (23 , 24) 
and by Biedermann , Kilpatrick , Pokras and Sill~n (5 ), for 
alwninum{III} by Brosset et al. (10 ,11) , for thorium(IV) by 
Hietanen {21), Kraus and Holmberg (25) and Rossetti , Rossetti 
and Sillen {37) and for uraniurn{Vl) by Sutton (44) and Ahrland 
et al . (1 , 2) . These data , and almost all other equilibrium 
data on polynuclear species reported until about 1957, have 
been recorded in the tables of stability constants compiled 
by Bjerrum, Schwarzenbach and Sillen (7) . It has been 
generally assumed that for hydrolytic equilibria the binding 
of the metal ions in polynuclear species is by oxide 0r hydr~­
oxide . bridging . 
2 . 
The first detailed quantitative studies of polynuclear 
complexes in solution were carried out by Graner and Sillen (17). 
These workers explained their results by assuming that species 
(n + _; )+ 
of the type Bin+ 1 On are formea , and they obtained values 
for the stability constants of the pertinent equilibria . 
Sil~en has developed generalized mathematical and graphical 
methods for the quantitative treatment of hydrolytic equilibria 
involving polynuclear species (40) . A review of this treatment 
and its application to various systems has been given by Sillen (41) . 
In dealing with ionic equilibria in solution, it has 
been the general custom to keep the activity coefficients 
constant by maintaining constant ionic strength (by adding, 
for example, appropriate quantities of sodium perchlorate) . 
The use of salt media to control activity coefficients has 
been reviewed by Biedermann and Sillen (6) . Since in very 
dilute solution activity coefficients are a simple function 
of the ionic strength, strong complexes can be studied in 
solutions of varying composition provided that the ionic 
strength is low and constant . On the other hand, since in 
the investigation of weaker complexes a higher concentration 
of free ligand is required, a higher ionic strength must 
generally be maintained. Hietanen and Sillen (42) have 
suggested the "self-medium" method for the study of poly-
nuclear equilibria, where "self-medium" implies that the 
ionic medium is made to consist chiefly, for example, of 
the cation which hydrolyzes and an inert counter ion. These 
workers have applied this method to the investigation of the 
hydrolysis of thorium(IV) ion and have obtained values for 
the stability constants of the relevant equilibria. 
The presence of polynuclear species in aqueous solutions 
of iron(III) perchlorate in which the iron(III ) concentration 
is 10- 3M or larger has been established by Hedstrom (20). He 
studied the hydrolysis of iron(III) ion by using glass and 
+4 
redox electrodes and concluded that the Fe2 (0H) 2 ion was 
present . The equilibrium data relating to the formation 
of this complex was evaluated for the ionic strength of 3. 
Polynuclear species in aqueous solutions of iron(III) per-
chlorate had been suspected by Siddall and Vosburgh (39) 
because of the failure of Bjerrum's method of corresponding 
solutions . Milburn and Vosburgh (31) established the presence 
of polynuclear species by spectrophotometric means, and obtained 
values for the equilibrium constant for the dimerization reaction 
over a wide range of ionic strengths . 
Magnetic properties of a number of polynuclear complexes 
of iron(III) have been studied . Pascal, having proposed the 
- 6 
existence of the Fe2 (P2o7 )3 ion from measurements of the 
ratio of iron to pyrophosphate in a saturated solution, 
observed that the magnetic susceptibility of the iron was 
lower here than for an iron(III) chloride solution (33,34) . 
More recently Holroyd et al . (22) have found that a minimum 
in the magnetic moment per iron(III) atom for solutions con-
taining iron(III) and phosphate ions occurs at or close to a 
ratio of phosphate to iron of 1 : 2 . They suggest that the 
. +3 
complex formed has one of the formulas Fe2 (P04) , 
FeJOH) (HP04) t 3 or Fe2 (OH) (P04) + 
2
• 
Michaelis and Granick (30) have obtained a magnetic 
moment of about 2 . 17 Bohr magnetons for an iron(III) ph~nan­
throline complex which they believed to have the following 
structure: 
Earnshaw and Lewis (14) have measured the magnetic sus-
ceptibility of this complex as a function of temperature 
along with the magnetic properties of several binuclear 
complexes of iron(III) and chromium(III) . They conclude 
from their magnetic data along with infrared work that the 
following is a more probable structure: 
Fe 
\ 
- o- Fe. Ph~ 
\ 
CL 
* (i_( 
3 
These authors report that all attempts to prepare derivatives 
of the complex by replacement of the chloride with other anions 
have f ailed and they conclude that at least one chloride is in 
the coordination sphere of the metal . 
* In the paper by Earnshaw and Lewis (14) the formula for this 
substance is given as [Ph2Fe(OH2) - 0- Fe(Cl)Ph2)cl2• This is 
taken to be a misprint , since this formula has neither the 
correct number of chlorines nor the correct balance of charge . 
5. 
6. 
Werb~l , Dibeler and Vosburgh (52) measured the 
magnetic moments of some iron(III) solutions ~ontaining 
various ligands . Tney found that in some systems the magnetic 
moment is equal to 5 . 92 Bohr magnetons, which is the magnetic 
moment of unhydrolyzed iron(III) ion, while in other systems 
the magnetic moment is lower . 
In the present work an attempt was made to classify 
some iron(III) systems according to whether or not they 
form polynuclear species in amounts which can be detected 
by observing the visible absorption spectra . The systems 
selected for investigation -- iron(Ill)- acetate , iron(III) -
chloroacetate, iron(III) - oxalate, iron(III) - tartrate and 
iron(III) - citrate-were among those which had been studied 
with respect to their magnetic properties by Werbel and co-
workers . It was intended to see if there was any correlation 
between the magnetic properties of the systems and the presence 
of polynuclear species . 
Treadwell and Fisch (49) have studied iron(III) - acetate 
solutions by means of potentiometric titrations and have 
given evidence for the presence of an iron(III) - acetate 
complex, Fe3(0H) 2 (GH3C00)6 +l. Brintzinger and Jahn (9) 
arrived at the same conclusion by dialysis - coefficient 
measurements . Recently Perrin (35) has used oxidation -
reduction potentials to investigate the identities and 
stabilities of the complexes present in solutions 
containing iron(III) and acetate ions . His results were 
interpreted on the basis that iron(III) - acetate complexes 
+2 +1 
of the type Fe(CH3coo) and Fe3 (0H) 2 {CH3C00) 6 
are formed . 
7. 
Herrar and Bermann (19) found qualitatively that iron 
(III) and chloroacetic acid form a complex, and this complex 
was designated by Treadwell and Fisch (49) as Fe3 (clCH2C00)6 
t l (OH) 2 • Perrin (35) has also inve stigated this system and 
has arrived at the conclusion that , like the iron(III) -
acetate system, only the 1 : 1 and 3 : 2 : 6 iron(III) complexes 
are present in significant amounts. 
Iron(III) - oxalate systems have been studied by means 
of polarographic technioues by Stackelberg and Freyhold (43 ), 
Lingane (27) , and Schaap , Laitiner and Bailor (38) . The latter 
workers have given evidence for the existence of the 
Fe(C204)3- J ion in solution . Babko and Dubovenko (3 ) have 
studied the iron(III) - oxalate equilibrium in competition 
with the iron(III ) -- thicyanate and iron(III) - salicylate 
equilibria, and have concluded that at pH values of less 
~l than 1 the complex is FeC204 but that with increasing oxalate 
-1 ion concentration and increasing pH the Fe(c204) 2 ion appears . 
Recently F'ronaeus and Larsson(l5 ) interpreted the appearance 
of two new absorption peaks in the infrared spectra of an 
iron(III) - oxalate solution with a high iron(III ) ion 
concentration (a concentration of J . 6M) as an indication for 
the presence of polynuclear species . 
Toropova (48) concluded by polorographic studies that 
8. 
in solutions containing iron(III) and tartrate two complexes 
are formed . The Fe(Tar) 3-
3 ion is believed to be the important 
+l 
species through the pH range 3. 4 to 7.0, while the Fe(Tar.) 
ion is considered to be the species present in basic solution . 
Lingane (28) , using the same technique , concluded that in 
tartrate solutions through a pH range of 6 . 2 to 8 . 0 two 
different complexes of iron(III) are present , one involving 
the hydrogen tartrate ion and the other the tartrate ion . 
Warner and Wiber (51) have given evidence by means of 
potentiometric and spectrophotometric means that a 1:1 citrate 
to iron complex is formed . Bobtelsky and Jordan (8) , by 
carrying out conductometric , photometric and thermom3tric 
titrations , arrived at the conclusion that citric acid and 
iron(III ) ion form a complex in which the ratio of citrate to 
iron is 2:3. Their work seems to be subject to some criticism 
s ince the end point of these titrations was quite uncertain . 
Hamrn and co-workers (18) , who carriec out pH titrations , formu-
tl - 1 ( ) -2 lated the complexes as FeHCit , FeC1t , ieOHCit and Fe OH zCit • 
Bertin (4) using the same technique , concludea that the ratio 
in the iron(III) citrate complexes formed was 1 :1. A spectro-
photometric study of iron(III) ion and citrate ion in 
acid solution by the method of continuous variations led 
+1 
Lanford and Quinan (26) to identify FeHCit as the complex 
formed. Lingane (28) and Meites (29) have studied the polaro-
graphic behavior of iron(III ) ion in citrate media but no 
formula for the complex formed was given . 
All the work reported in the present study was carried 
9. 
out in a high perchlorate ion concentration . Olson and Simon-
son (32) have reported that the equi librium constant of the 
hydrolysis of iron(III) ion is a function of the perchlorate 
ion concentr~tion . In a note Sutton (45) states that from 
spectrophotometric studies, evidence was found that iron(III) 
ion f orms a complex with perchlorate ion . Recently Sykes (46) 
has interpreted the variation of the hydrolysis of the iron 
(III) ion with perchlorate ion concentration in terms of some 
sort of iron(III) - perchlorate association . The present study 
deals with only a comparison between· the absorbance of two 
solutions which have the same perchlorate ion concentration in 
large excess to the iron(III ) concentration , so it did not seem 
necessary at this point to include an investigation into the 
nature of the complex formed , if any, between iron(III) ion 
and perchlorate ion . 
10. 
EXPERIMENTAL 
I . lf~TERIALS 
Water 
Water, the solvent used for the investigation, was 
purified for use by refluxing ordinary distilled water with 
potassium dichromate and sulfuric acid for about three hours 
and distilling in an all glass apparatus . This water was 
free from any a~sorbing impurities and from s pecies which 
cause the reduction of iron(III } ion in solution . 
Perchloric Acid 
A standard solution of perchloric acid was prepared 
from G. F. Smith reagent gr ade material . 
Sodiurr Perchlorate 
Solutions of sodium perchlorate were prepared from G. F. 
Smith reagent grade hydrated sodium perchlorate . The solu-
tion s were filtered with a sintered glass funnel immediately 
before being added to the iron(III} solutions in order that 
the dispers ion whicn seemed to settle in these solutions could 
be kept to a minimum. 
Iron(III } Perchlorate 
G. F. Smith reagent grade iron(III) perchlorate (non-
yellow , in perchloric acid) was recrystallized from perchloric 
11 . 
acid solution . The solution ~as filtered with a sintered 
glass funnel and the crystal s wer e washed with cold dilute 
perchlor ic acid solution . A stock solution of iron(III) 
perchlorate was prepared from the washed crystals . 
Acetic Acid 
" Baker Ana lyzed" reagent gr ade glacial acetic a cid was 
used . 
Chl oroacetic ~cid 
" Baker Analyzed" reagent grade chloroacetic acid wa s 
dissolved in water and a standard solution was prepared. 
Oxalic Acid 
-
" Baker Analyzed" reagent grade oxalic a cid was dissolved 
in water and a standa rd solution wa s prepared . 
Sodium Tartrate 
" Baker Analyzed" reagent grade sodium tartrate was ·r e- · 
cr ystallized from water and a standard solution wa s prepared . 
Citric Acid 
"Baker Analyzed" reagent grade citric acid was dissolved 
in water and a standard solution was prepared . 
12. 
II . ANALYSES 
Acid Solutions 
Perchloric acid, oxalic acid , chloroacetic acid and 
citric acid solutions were standardized using pheno~p,hthalein 
as an indicator by means of sodium hydroxide solution which 
was itself standardized against potassium acid phthalate . 
Iron(III) Perchlorate 
The total iron(III) concentration was determined by 
means of the iodometric method described by Vogel (50) . 
The sodium thiosulfate solution was standardizad wicn 
potassium iodate. 
The acid content of the iron(III) perchlorate solution 
was determined as follows . A sample of the iron(III) solu-
tion was titrated with standard sodium hydroxide solution 
using phenolphthalein as the indicator . After each addition 
of base , the iron(III) hydroxide was allowed to settle and 
the color of the supernatant solution was noted . The acid 
content of the solution was calculated from the total 
amount of base used and the amount of iron(III ) present . 
Sodium Tartrate 
The sodium tartrate solution was standardized by oxida-
tion with cerium (IV) sulfate according to a method described 
13 . 
by Willard and Young (54) . Excess cerium(IV) sulfate 
was titrated with standard iron(II) sulfate solution. The 
cerium(IV) sulfate solution was standardized by means of 
arsenic(III) oxide using ferroin (o-phenanthroline "iron(II) 
sulfate) as an indicator . 
III . PROCEDURE 
All absorption measurements were made with a model D. U. 
Beckman spectrophotometer . The 1 em cells were held at 
25 ! 0 . 2oc by circulating water from a thermostat bath through 
the thermostating arrangement obtainable from the Beckman 
Company . The 10 em cells were kept at constant temperature 
in a similar way by circulating water from the thermostat 
bath through a specially designed holder . 
The measurements were made in 10 em and l em quartz cells . 
In all measurements the solution to be tested was matched 
against the blank cell, which contained redistilled water , 
over the wave length that was to be studied . An attempt was 
always made to orientate the cells in the same way. 
After the test solutions were prepared they were allowed 
to stand for at least thirty- six hours , except in the case of 
the iron(III} - tartrate and the iron(III} - oxalate solutions . 
The absorbance of the iron(III) - oxalate solutions decreased 
rapidly with time , and the absorbance of the iron(III } -
tartrate solutions decreased significantly over a period of 
several hours . 
In the case of the iron(III} - oxalate solutions several 
readings were taken,and these were extrapolated to zero time . 
In order that these solutions should also be thermostated, all 
the solutions to be mixed were first set in the thermostat 
bath and were allowed~ to come to thermal equilibrium. 
The solutions were then mixed and quickly placed in the cells . 
The first readings were taken about three minutes after the 
time of mixing . 
All pH readings were taken with a Beckman Model G pH 
meter . The solution of pH 7. 00 used for standardization was 
prepared from Beckman concentrated buffer solution . 
15 . 
16. 
THE TEST FOR POLYNUCLEAR SPECIES 
The method used for the determination of the presence of 
polynuclear species is similar to that used by Milburn and 
Vosburgh (31). 
The assumptions, when one applies this method are that 
the systems have reached equilibrium and that all absorbing 
species obey the Bouguer-Beer law . The latter assumption seems 
correct since very dilute solutions were measured and the test 
solutions were of a concentration in iron(III) ion comparable 
to the solutions investigated by Siddall and Vosburgh (41) 
which were shown to obey Beer ' s law. 
The solutions were prepared so that the complexing agent 
would be always present in large excess. The wave lengths 
chosen for measurements were where the absorbance- of the 
complexing agent was negligible compared to that of a solu-
tion of the metal ion plus the complexing agent. 
Consider an aqueous system containing a metallic cation 
M and an acid BHn which can complex with M, and let there be 
only mononuclear complexes in M. (For simplicity and generality, 
the charge on M and any charge on BHn will be o~itted . ) All 
equilibria of the following type should then be considered: 
r.1 + pH20 + qBHn ~ 
where p = 0,1 •••• k 
q = 0,1 • • • • m 
+ MO H B + (2p + nq-s)H p s q 
s = 0,1 • • • • (2p + nq) 
except the case where p : q : s = 0 . 
17. 
For each equilibrium of this type one may write an equilibrium 
constant: 
Let [M]T equal the total stoichiometric concentration of 
M present . Then 
Substituting from (1), one obtains : 
(1) 
[MJr· [MJ [l+ ~~Z (~lpqs [BHn] q(H'j {s-2p-nq})j {2) 
Let A equal the total absorbance, Ex the molar absorptivity 
of any species X, and L be the optical path length in centi-
meters . Then for any given wave length: 
1$. 
and substituting from (l) above 
r J ( I lps q [BHn] q [ H -t-J( s- 2 p-nq )J] 
A = L M • LIE M-+ ~ ~ ~ E MO H B 0 r p s q 
(3) 
Dividing (3) by (2) and rearranging 
[ L f. . ..+> ~~- (E MO HsB S lpsq [ BHJq A : ·· _r-1 ]T • ''' ..._ 
1/ -t :> , :;; C" [BHnJ q [_H + L' '--~ --... 0 lpsq 
And under conditions of constant hydrogen ion concentra-
tion, constant stoichiometric concentration of BHn in large 
excess to [ M ]1. , constant ionic medium, constant temperature 
and constant wave length , 
A = (M ] T • L • K ( 4) 
where K is a constant . 
From equation (4) it can be seen that if the product 
[M]T • Lis kept constant , then A will be constant. Thus if 
the absorbance values of two solutions, one with a total con-
centration of metal atom equal to M T and measured in a cell 
of l em path length and the other with a total concentration 
of 0 . 1 [MJT and measured in a cell of 10 em path length, are 
different , it can be concluded that polynuclear species are 
pr esent in measurable amounts . If th~ absorbance va l ues 
are the same , then this result is consistent with mononuclear 
species . It might be argued that results of the latter type 
] 
19. 
do not eliminate the possibility of polynuclear species, 
since a case can arise where equation (4) would be applicable 
even when polynuclear species are present . 
Thus , let us consider a system in which both mononuclear 
and polynuclear species are present . In this case all equili-
bria of the following type should be considered . 
+ 
=-:> M 0 H B -t (2ptnq-s)H 
.-- rpsq 
where r = 1 , 2 •••• j 
p = 0,1 •••• k 
q = 0,1 • • • • m 
s = 0,1 • • • • (2ptqn) 
except the case where p = q = s = 0. 
For each equilibrium of this type one may write an 
equilibrium constant: 
rM 0 H B ] [ H +J( 2p-tnq-s) r • LJ r p s q 
rpsq [ M J [BHn]q 
Let [MJT equal the total stoichiometric concentration of M 
present . Then 
Substituting from (5), one obtains 
(5) 
[ ~~JT = [ M 1 [ 1 + <: :>:<:>: r Srpsq c~dr-l[H-+] ( s-nq-2p) 1 ( 6) 
20. 
And if A, Ex and 1 have the same significance as before 
Substituting from (5) 
r (; r-1 ~ 1 qri -t-J ( s-nq-2p) 1 
A =··1 · (M] l~ M + ~<::. ~<~ 0 H B \rpsq ~M- \!3Hn J LH \(7} 
r p s q \ 
It can be seen that in this case one would not in general 
expect to get coincident readings if the product [M]T • 1 were 
kept constant since the remaining term in equation (8} is a 
function of the metal ion concentration . However there are 
some cases in which polynuclear species are present and the ab-
sorbance values of two solutions are the same as long as the 
product [M]T • 1 is constant . If , for example, for all values 
of r, p, s , and q, 
f. M 0 H B _E~~ 
r p s q -
r 
(that is the absortivity coefficient per metal ion does not change 
in the presence of a complexing agent ,) then equation (8} be-
comes : 
21. 
Thus 
(9) 
This is clearly not the case in the present work since in every 
system investigated the absorbance of the iron{III} ion was 
changed by the addition of the carboxylic acid . 
Another possible case is that the concentration and the 
absorbance of free metal ion are negligible compared to complexes 
formed and that for these complexes 
EMOHB 
r p s g 
r 
= c 
where C is a constant. That is, the absorbance per metal atom 
equals a constant . In this case, equation (8) becomes 
Thus 
(s-nq-2p) 7 
( < ~ ~ ~ r J [r-IJ-1 BHn q H ( s-nq-2P) J 
rpsq 
A =[MJ T ~ 1 • C (10) 
Equation (10) is of the same type as equations (4) and (9) 
and therefore one would expect to obtain the same absorbance in 
this situation even if polynuclear species were present . How-
ever, in such a case the absorbance would be independent of 
the hydrogen ion concentration . Such a case would be easily 
recognizable and is not the situation in the present study as 
can be seen from the experimental data . 
In the present investigation the absorbances of solutions 
with an iron(III) ion stoichiometric concentration of 10-JM 
were measured at a path length of l ·cm and the absorbances of 
solutions with an iron(III) ion concentration of 10-~ were 
measured at a path length of 10 em . 
22 . 
EXPERIMENTAL RESULTS 
Preliminary experiments confirmed that 10- 4M and 
10-3~ iron(III) solutions do not contain significant con-
23. 
centrations of polynuclear species in the absence of 
carboxylic acids . The measurements , taken at a wave length 
of 290m~, were confined to solutions which were sufficiently 
acidic that there would be no precipitation of iron(III) 
hydroxide . The results are shown in table 1 and in figure 
1 . The coincidence of the curves is consistent within 
experimental error with the presence of only mononuclear 
species . Milburn and Vosburgh(31) have found polynuclear 
species present in solutions of concentration of iron(III) 
of 10-3M but the absorbance of these species is quite small 
and apparently can not be detected by the present method . 
The next system to be investigated was acetic acid and 
iron(III) perchlorate which, according to the recent work of 
Perrin (35) , contains polynuclear complexes . The results of 
the measurements, taken at a wave length of 360mtrare shown 
I J 
in table 2 and figure 2 . In this case the curves are not 
coincident, and it may be concluded that polynuclear species 
are present in measurable concentrations . The results indicate 
that the general method is suitable and can be applied to other 
iron(III) systems . 
Chloroacetic acid and iron(III) perchlorate solutions 
were studied over the high acidity range that was used for 
24. 
the acetate system. Readings were taken at 340rr~ and 350~ • 
The results, which may be found in table 3 and figures) and 4, 
are consistent with the presence of only mononuclear species 
in the pH region studied . 
The absorbances of the iron(III) - oxalate solutions 
were measured by the extrapolation method 1 described earlie~ 
because the absorbances of solutions decreased with time . 
A list of the readings taken as soon as possible after 
mixing is given in table 4, and the extrapolations are 
shown in figures 5 and 6. The solutions with the higher 
pH values seemed to be stable over the time intervals 
studied . Graphs of the data of table 5 are given in figures 
7 and 8 . The results seem to indicate that polynuclear 
species are not present. 
In the case of iron(III) - tartrate and iron(III) -
citrate solutions, measurements could be made at a higher 
pH region without precipitation of iron(III) hydroxide . 
The data for the tartrate system, taken at wave lengths of 
. 400~ and 420m;r , are given in table 6 and graphs 9 and 
10. Iron(III) - citrate solutions were also investigated at 
400m;r and 420m;v , and the readings are given in table 7 
and graphs 11 and 12 . For both systems, polynuclear species 
are shown to be present in measurable concentrations in 
certain pH regions . 
25. 
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TABLE 1 
Absorbance of Iron(III) Perchlorate Solut ions 
As a Funct ion of t he Hydrogen Ion 
Concentration 
Temper ature = 25 ! 0.2°C 
Concentr at ions are in moles per liter. 
Series IA 1 = 1 em 
Series IB 1 =10 em 
Series So ln. [Fe (C104) 3JT ~C104]T [NaC104JT ;r A290 No . 
IA IA 1 10- 3 0. 1113 1. 00 1.11 0. 408 
2 " 0. 0899 " 1.09 0. 425 
3 
" 
0. 0686 II 1. 07 0. 440 
4 II 0. 0462 II 1 . 05 0.465 
5 II 0. 0260 II l. 02 0.521 
IB IB 1 10-4 0. 1113 II 1 . 11 0. 408 
2 II 0. 0899 II 1 . 09 0. 43G 
3 II 0. 0686 II l. 07 0.439 
4 II 0. 0462 II 1. 05 0.457 
5 II 0. 0260 II l. 02 0. 540 
Figure 1 
The absorbance of iron(III) perchlorate solutions as a 
function of the hydrogen ion concentration. 
Temperature= 25 ~ 0. 2°C 
;\ = 290m I( 
Series IA [Fe(Cl04) 3 ] = 10-
3M; 1 = 1 em 
T 
10-4M; Series IB f Fe ( Cl04) 3 ]T = 1 =10 em 
A 
27. 
S e r ,· e s I AI 0 
Se. r ie:.si.B,~ 
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TABLE 2 
Absorbance of Iron(III} Perchlorate and Acetic Acid Solutions As a Function of the Hydrogen 
Ion Concentration 
Temperature = 25 ! 0 . 2° c 
Concentrations are in mole s per liter. 
Series IIA L • 1 em 
Series IIB L = 10 em 
Series Soln . [Fe ( C104 ) 3] '""HC10 J ~aC1o4 J fH3coOH ~ I A360 No . T 4 T T 
IIA IIA 1 1o-3 0 . 1113 1 . 00 6. 80 1.11 0 . 252 
2 
" 0 . 0899 " " 1 . 09 0 . 338 
3 n 0 . 0686 
" " 
1 .07 0 . 365 
4 " 0 . 0462 " " 1 . 05 0 . 579 
5 
" 
0 . 026 
" 
n 1 . 02 0 . 682 
IIB 1 1o-4 0 . 1113 " " 1.11 0 . 205 
2 
" 
0 . 0899 n 
" 
1 . 09 0 . 245 
3 
" 
0 . 0689 
" " 1 . 07 0.260 
4 " 0 . 0462 " " 1 . 05 0 . 323 
5 " 0.026 " " 1 . 02 0 . 460 
Figure 2 
The absorbance of solutions containing iron(III) perchlorate 
and acetic acid as a function of hydrogen ion concentration. 
Temperature = 25 ! 0.2°C 
~ = 360m/f 
Series IIA [Fe(Cl04) 3Jr. 1o-3M; L = 1 em 
Series IIB [Fe (Cl04)3JT = 10-4M; L = 10 em 
I,UD 
A 
OIIH 
29 . 
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TABLE 3 
Absorbance of Iron(III) Perchlorate and Chloroacetic 
Acid Solution as a Function of pH 
Temperature = 25 i 0.2oc 
Concentrations are in moles per liter. 
[NaC104]T • 1M; ;r - 1 .00 
Series IIIA 1 = 1 em 
Series IIIB 1 • 10 em 
Series Soln . [Fe ( C104) 3J T [H2CC1COOH_]T pH A340 A350 No . 
IIIA IIIA 1 lo-3 0 . 2143 0.43 0 . 139 0 . 091 
2 
" " 
0.60 0 . 162 0 . 110 
3 " " 0.83 0 . 193 0.129 
4 " n 1. 01 0 . 245 0 . 162 
5 " " 1. 07 0 . 301 0 . 175 
6 " " 1 . 21 0 . 399 0 . 222 
7 " 
It 1. 32 0 . 441 0 . 266 
8 
" 
It 1 . 41 0 . 494 0.301 
9 
" " 
1.62 0.595 0 . 380 
IIIB IIIB 1 1o-4 It 0 . 42 0 . 138 0.098 
2 " " 0 . 61 0.164 0 . 107 
3 
" " 
0 . 85 0 . 190 0 . 125 
4 " " 1.02 0.248 0 . 155 
5 tt " 1.08 0.298 0.176 
6 " " 1.'23 0.413 0 . 226 
TABLE 3 (Cont ' d . ) 
Series Soln . [Fe(Cl04 )3J T §2cclCOOHjT No . pH A340 A350 
IIIB IIIB 7 lo- 4 0 .2143 1 . 31 0 . 453 0 . 257 
g 
" " 
1. 42 0 . 494 0 . 293 
9 " II 1 . 63 0 . 562 0 . 357 
Figure 3 
The absorbance of solutions containing iron(III) perchlorate 
and cliloroacet:ic acid as a function of pH . 
Temperature = 25 t 0.2oc 
A : 340m;: 
Series IIIA [Fe(Cl04 )3J.1, • 10-\1; L = 1 em 
Series IIIB [Fe(Gl04)3 ]T : 1o-4M; L = 10 em 
-
A 
0.5 
Ser,~s lli 11,0 · 
Sert~S m 8. 6 
;.s 
J 
Figure 4 
The absorbance of solutions containing iron(III) perchlorate 
and chloroacetic acid as a function of pH. 
Temperature = 25 t 0 . 2°C 
A= 3501. 
Series IliA Fe (Cl04 ) 3] = 10-3M; L = 1 T 
Series IIIB [Fe ( Cl04) J] T - 10-4M; L = 10 -
em 
em 
3 3. 
Ser,es m A 0 
• 
S e.r-, e s lll.B. ~ 
A 
0.100 
J,O /.S 
TABLE 4 
Absorbance of Iron(III) Perchlorate and 
Oxalic Acid Solutions As a 
Function of Time 
The concentration of these solutions is given in table 5. 
Time is expressed in minutes . 
The Absorbancy of Solutions IVB 5, IVA 6 and IVB 6 were 
constant with time . 
)... = 390nyr Temperature = 25 ! 0 . 2°C 
Soln . No . IVA 1 Soln . No . IVB 1 
Time A Time A 
0 {0 . 254) 0 (0 . 250 ) 
2 0 . 251 4 0 . 244 
3 0 . 250 5 0 . 242 
4 0 . 248 6 0 . 241 
5 0 . 247 7 0 . 240 
6 0 . 246 8 0 . 239 
8 0 . 245 9 0 . 238 
10 0 . 244 
Soln . No . IVA 2 Soln . No . IVB 2 
Time A Time A 
0 (0 . 343 ) 0 (0 . 340 ) 
3 0 . 339 3 0. 338 
4 0 . 338 4 0 . 336 
34. 
3S. 
TABLE 4 (Cont . ) 
So1n . No . IVA 2 So1n . No . IVB 2 
5 0 . 337 5 0 . 336 
6 0 . 336 6 0 .335 
7 0 . 335 7 0. 336 
8 0 . 334 8 0 .335 
9 0 . 332 9 0 . 335 
10 0 . 332 
So1n . No . IVA 3 So1n . No . IVB 3 
Time A Time A 
0 (0 . 312 ) 0 (0 . 310) 
2. 5 0 . 309 2. 5 0 . 306 
4 0 . 307 4 0 . 303 
5 CJ . 306 5 0 . 301 
6 U. 305 6 0 . 300 
7 0 . 304 8 0 . 300 
8 0 . 303 9 0 . 301 
10 0 . 303 10 0. 300 
So1n . No . IVA 4 So1n . No . IVB 4 
Time A Time A 
0 (0 . 285 ) 0 (0 . 281) 
3 0. 282 3 0 . 279 
4 0 . 280 4 0 . 278 
36. 
TABLE 4 (Cont .) 
So1n . No . IVA 4 So1n . No . IVB 4 
5 0 . 279 5 0 . 278 
6 0.279 6 0 . 278 
7 0. 278 8 0 . 277 
8 0 . 278 10 0. 277 
9 0. 278 11 0 . 277 
10 0. 277 
So1n . No . IVA 5 
Time A 
0 (0 . 291) 
1 0 . 291 
2 0. 290 
3 0. 290 
4 0. 290 
6 0 . 290 
8 0 . 290 
10 0 . 290 
) = 410m/( 
So1n . No . IVA1 So1n. No . IVB 1 
Time A Time A 
0 (0 .143) 0 (0 . 152) 
3 0 .141 4 0 . 149 
4 0. 140 5 0 . 148 
5 0 . 139 6 0 . 147 
3? . 
TABLE 4 (Cont . ) 
So1n . No . IVA l So1n . No . IVB 1 
6 0 . 138 8 0 . 146 
7 0 . 138 9 0 . 145 
8 0. 137 10 0 . 146 
9 0 . 137 
So1n . No . IVA 2 So1n . No . IVB 2 
Time A Time A 
0 (0 . 169) 0 (0 . 172 ) 
3 . 5 0 . 164 3. 5 0.171 
4 0 . 163 5 0. 170 
5 0 . 161 7 0. 170 
6 0. 159 8 0. 169 
7 0 . 159 9 0 . 170 
8 0 . 158 10 0 .170 
10 0 . 157 
So1n. No. IVA 3 So1n . No . IVB 3 
Time A Time A 
0 (0 . 138) 0 (0 . 142 ) 
2. 5 0 . 135 3-5 0. 140 
4 0 .134 5 0 . 139 
5 0 . 133 6 0. 138 
6 0 . 133 7 0. 138 
7 0 . 133 9 0 . 138 
8 0 . 133 10 0 . 138 
10 0 ·133 
TABLE 4 (Cont .) 
So1n . No . IVA 4 So1n . No . IVB 4 
Time A Time A 
0 (0 . 121) 0 (0 . 123 ) 
3 0 . 117 3 0 . 122 
4 0 . 116 4 0 .121 
5 0 . 114 5 0 . 121 
6 0 . 113 6 0 . 120 
7 0 . 113 7 0 . 121 
8 0 . 113 8 0 . 121 
9 0 . 113 9 0 . 121 
10 0 . 113 10 0 . 121 
So1n . No . IVA 5 
Time ,A 
0 ( 0 . 114) 
2 0 . 113 
3 0 . 112 
4 0 . 112 
6 0 . 112 
8 0 . 112 
10 0 . 112 
Figure 5 
The absorbance of solutions containing iron(III) perchlorate 
and oxalic acid as a function of time . 
Temperature - 25 ~ 0 . 2°C 
A • 390mf 
Series IVA [Fe ( Cl04) 3] T =· lo-3:r.q 1 = 1 em 
Series IVB [ r·e ( Cl04) 3] T = 10-4M; 1 = 10 em 
39. 
ScI n. No Il A I Soln .Nol]Bf 
0.240 
.. 
f;L 8 /:;__ 
A 
S o I n. No. IT A ~ Sol Yl . 
Soln.No.ff B3 
0.:2,0 r-~~r-~~~~-,~~--+--4~+--+s--+-~--+--+--+--+~ 
o.~,o Soln . f\Jo."N. A 
o. 
/~ 
T,· m es 'n m, n I.A t e..s 
Figure 6 
The absorbance of solutions containing iron(III) perchlorate 
and oxalic acid as a function of time . 
Temperature = 25 ! 0 . 2oc 
A= 410mf 
Series IVA [Fe(Cl04)JJT = 10- 3M; 
Series IVB [Fe(Cl04)3JT : -10- L.H; 
L : l em 
L : 10 em 
40 . 
So In. No . .1! A I Sol n. No. Ii B I 
Soln. N~ .:ITA .;t 
A Soln . NcRB~ 
,,,,o 
Soln. Ncrl83 
So l n. No. rlR4 
Sol n. No [Q AS 
0./ltJ 
41 . 
TABLE 5 
Absorbance of Iron (III ) Perchlorate and Oxalic Acid 
Solutions As a Function of pH . 
Temperature ; 25 ~ 0 . 2°C 
Concentrations are in moles per liter . 
[NaCl04JT : 1M; ~ : 1 .00 
Series IVA L : 1 em 
Series IVB L : 10 em 
Series Soln . (Fe (Cl04)JT (H2c2o4J T No . 
IVA IVA 1 10-3 0 .1502 
2 
" " 
3 " " 
4 " " 
5 " " 
6 
" " 
IVB IVB l lo- 4 " 
2 " " 
3 tf " 
4 " " 
5 " " 
6 
" " 
pH A390 pH A410 
0 . 45 0 . 254 0 . 45 0 .143 
0 . 62 0 . 343 0 . 62 0 . 169 
0 . 88 0 . 312 0 . 86 0 . 138 
1 . 15 0 . 285 1 . 16 0 . 121 
1 . 40 0 . 291 1 . 40 0 .114 
1 . 60 0 . 253 1 . 61 0 . 103 
0 . 44 0 . 250 0 . 43 0 . 152 
0 . 60 0 . 340 0 . 61 0 . 172 
0 . 85 0 . 310 0 . 84 0 . 142 
1 . 14 0 . 281 1 .13 0 . 123 
1 .38 0 . 290 1 . 37 0 . 117 
1 . 58 0 . 257 1 . 59 0 . 104 
Figure 7 
The absorbance of solutions containing iron(III) perchlorate 
and oxalic acid as a function of pH. 
Temperature : 25 ~ 0.2°C 
A : 390mfl 
Series IVA [Fe (Cl04);I !! 10-JM; L • 1 em T 
Series IVB [Fe(Cl04 )31T - 10-4M; L- 10 em 
Figure S 
The absorbance of solutions containing iron(III) perchlorate 
and oxalic acid as a function of pH. 
Temperature • 25 ~ 0.2°C ). :: 417: 
Series I A [Fe ( C104) JJT • 1o-3M; L = 1 em 
[Fe(C104)3JT - -1o-4M; L - 10 em Series IVB 
S e r i e .s Ii A q,fJ 
J 
Se r 'e s .Ill 6,8 
A 
I. ISO 
A 
d.S ;.o I ..> 
TABLE 6 
Absorbance of Iron(III) Perchlorate and Sodium 
Tartrate Solutions As a Function of pH 
Temperature = 25 .!. o. 2oc 
[Na21ar] T • 0 . 0603M 
[NaCl04 J = 1 . 0014 T 
;r - 1 . 09 
-
Series VA and Series V[A L • 1 em 
Series VB ~nd Series VIB L • lOcm 
Series Soln . 
No . 
[ re(Cl04)3JT pH A400 
VA VA 1 9 . 8 X 10-4 0 . ~0 0 .007 
2 
" 0 . 45 0 . 070 
3 
" 
0.59 0 . 152 
4 
" 
0 . 71 0 . 257 
5 " 0 . 81 0 . 358 
6 
" 
1 .11 0 . 436 
7 
" 
1. 80 0 . 525 
8 
" 
2. 69 0 . 547 
9 
" 
2. 90 o . )27 
10 
" 
3. 20 0 . 501 
11 
" 
3. 69 0 . 513 
12 
" 4-.00 0-.544 
13 
" 4. 60 0 . 568 
43-. 
TABLE 6 (Cont . ) 
Series So1n . [Fe ( C104) 3lT pH A400 No . 
VA 14 9 . 8 x 1o-4 5.20 0 . 583 
15 
" 
6. 30 0. 525 
16 
" 
6. 60 0. 475 
17 
" 
7. 00 0 . 405 
18 
" 
7. 60 0 . 277 
19 
" 
7. 91 0 . 228 
20 
" 
8. 51 0. 162 
21 
" 
9 . 55 0.086 
22 " 10. 55 0 . 095 
23 " 11.01 0 . 080 
Series So1n . [Fe (C104) 31 pH A400 No . 
VB VB 1 9 . 8 X 10-5 0. 03 0 .071 
2 
" 
0 . 08 0 . 265 
3 " 1.30 0 . 423 
4 " 2. 10 0 . 504 
5 " 3. 25 0 . 563 
6 " 4. 29 0 . 493 
7 " 4. 90 0. 395 
8 
" 
6. 05 0. 255 
9 " 7. 02 O. J 73 
10 
" 
8. 45 0 . 111 
45a 
TABLE 6 (Cont . ) 
Series Soln . (Fe(Cl04)3J pH A400 No . T 
VB VB 11 9. 8 X 10- 5 9-55 0. 104 
12 
" 
10 . 25 0. 123 
13 
" 11 . 05 0. 125 
Series Soln . [Fe ( C104) 31 pH A420 No . T 
VIA VIA 1 9. 8 x 1o-4 0. 52 0 . 046 
2 
" o . 71 0 . 133 
3 " 0 . 80 0 . 180 
4 
" 1 . 00 0 .285 
5 
" 2. 51 0. 258 
6 
" 3. 11 0. 242 
7 
" 3. 45 0 . 260 
8 
" 3. 72 0. 294 
9 
" 4-35 0 . 310 
10 
" 5. 01 0 . 316 
11 
" 5. 60 0 . 280 
12 
" 
6 . 00 0. 238 
13 " 6. 65 0 . 178 
14 tt 7. 62 0. 112 
15 
" 9. 28 0. 022 
16 
" 10. 60 0. 025 
17 
" 
10. )5 0 .020 
TABLE 6 (Cont . ) 
Series Soln . [Fe(C104)3J pH A420 No. T 
VIB 1 9 . 8 X 10-5 0 . 60 0 . 046 
2 tt 0 . 80 0 . 135 
3 tt 1 . 50 0 . 240 
4 tt 2 . 81 0 . 300 
5 " 3. 60 0 . 266 
6 tt 4 . 00 0 . 250 
7 " 4.45 0 . 237 
8 " 4. 70 0 . 226 
9 " 5. 5) 0 .176 
10 
" 
6. 00 0 . 160 
11 " 7.65 0 .077 
12 tt 9 . 81 0.029 
13 " 10.80 0 .065 
14 
" 
11 . 00 0 . 052 
Figure 9 
The absorbance of solutions containing iron(III) perchlorate 
and sodium tartrate as a function of pH . 
Temperature • 25 ± 0 . 2°C 
A : 4o0mf 
x lo-4; Series VA [Fe(C104)3] - 9 . 8 L = 1 em -T 
Series VB [Fe ( C104 ) J ]T - 9. S X 10-5; L = 10cm 
-
d.S~ 
A 
0 • .31)0 
(},/00 
pH 
Ser-ies YA,O 
5er t e.s .lZB8 
I 
8 
Figure 10 
The absorbance of solutions containing iron{III) perchlorate 
and sodium tartrate as a function of pH. 
Temperature • 25 ! 0 . 2°C 
\ = 42z 
Series VIA Fe{Cl04 )3j - 9. 8 X lo-4· 1 - ' T 
Series VIB [Fe(C104) 3 ],1' - 9. 8 x lo-5. 1 - ' 
= 
1 em 
= 10 em 
0.3~0 
At 
l 
I 
0,10 () 
Se r 1 e 5 iL A~ 0"'· 
s er l es n 6 16 
TABLE 7 
Absorbance of Iron(III} Perchlorate and Citric Acid 
S6lutions As a .fi·unction of pH 
Temperature ~ 25 ~ o. 2°C 
[ H3Cit] a O. l031wl T 
[NaClo4JT = l . OOM 
f= 1 . 00 
Series VIlA and VIII A L - l em 
Series VIIB and VIIIB L - 10 em 
Series Soln . ( Fe(Cl04)3] pH A400 No . T 
VIlA VIlA l 9 . 8 x ro-4 o. 70 0 . 174 
2 
" 
0 . 80 0 . 243 
3 " 0.98 0 . 366 
4 " 1. 2, 0 . 451 
5 " 1. 40 0 . 499 
6 tt 1 . 55 0 . 425 
7 " 1. 60 0 . 375 
8 
" 
2 .05 0 . 279 
9 " 2 . 30 0 . 245 
10 
" 
3.05 0 . 317 
ll 
" 
3. 50 0. 355 
12 " 3. 75 0 . 380 
49. 
50. 
TABLE 7 (Cont .) 
Series So1n . (Fe ( C104) J pH A400 No . T 
VIIA VIIA 13 9. 8 x 1o- 4 4. 30 0. 417 
14 
" 
4. 85 0 . 452 
15 
" 
5. 70 0. 512 
16 " 5. 85 o . 504 
VIIB VIIB 1 9. 8 x 1o- 5 0. 61 0. 173 
2 tt 0 . 80 0.233 
3 " 0. 98 0. 361 
4 " 1. 00 o. 4a 
5 
" 
1. 30 0. 547 
6 
" 
1. 55 0. 525 
7 " 1. 75 0. 479 
8 " 1. 99 0. 445 
9 tt 2. 35 0. 40$ 
10 n 2. 55 0. 437 
11 " 2. 80 0. 469 
12 It 3. 31 0. 495 
13 " 3. 85 0. 539 
14 
" 
4. 20 0 . 559 
15 " 5. 40 0 . 635 
16 tt 5. 85 0 . 562 
17 
" 
6. 05 0. 500 
51. 
TABLE 7 (Cont . ) 
Series So1n . [Fe ( C10 4) 3] 'l' pH A420 No. 
VIIIA VIIIA 1 9. $ x 1o-4 0.60 0 . 089 
2 
" 
o. 70 0.122 
3 " 0. 90 0. 208 
4 " 1 . 10 0. 256 
5 
" 
1. 21 0. 295 
6 
" 
1. 45 0 . 289 
7 " 1 . 65 0 . 235 
8 " 1 . 71 0 . 218 
9 tl 1 . 89 0 . 175 
10 " 2. 10 0 . 150 
11 
" 
2. 29 o. 128 
12 " 2 . 98 0 . 154 
13 " 4.11 0 .191 
14 " 5.00 0 .196 
15 
" 
5. 55 o . 161 
Series So1n . [Fe(C104)3]T pH A420 No . 
VIIIB VIIIB 1 9. 8 x 1o- 5 0 . 67 0 .097 
2 " 0 . 70 0 . 138 
3 " 0 . 91 0 . 209 
4 " 0 . 97 0 . 266 
52. 
TABLE 7 (Cont . ) 
Series So1n . . [~e(C104 ) 3JT pH A420 No . 
VIIIB VIIIB 5 9. 8 x 1o- 5 1. 00 0 . 295 
6 tt 1 . 30 0 . 320 
7 tt 1 . 61 0 . 306 
8 
" 
1. 65 0 . 300 
9 " 2. 00 0 . 250 
10 " 2. 45 0. 199 
11 
" 
2. 75 0. 207 
12 " 3. 39 0. 216 
13 
" 
4. 11 0. 252 
14 
" 
5. 11 0 . 266 
15 
" 5-35 0 . 228 
16 
" 5-55 0 . 186 
Figure 11 
The absorbance of solutions containing iron(III) perchlorate 
and citric acid as a function of pH . 
Temperature • 25 ! 0 . 2°C 
·, 
I· = 400mf 
Series VIIA ~e(Cl04) 3JT • 9 . 8 x 10-4; 1 • 1 em 
Series VIIB [Fe(Cl04)3lT = 9.8 x 10-5; 1 = 10 em 
A 
0. ;;u,• 
() I 
,.,. - j 
Ser ies m. R) 0 53 
5 e.¥-' es ll!r B, ~ 
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Figure 12 
The absorbance of solutions containing iron(III) perchlorate 
and citric acid as a function of pH . 
Temperature • 25 ! 0 . 2°C 
~ = 420mjf 
Series VIII A [Fe ( Cl04) 3] T = 9. 8 x lo- 4 ; 1 • l em 
Series VIIIB [Fe ( Cl04) 3jT - 9. 8 X lQ- 5. 1 = 10 em ' 
54. 
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DISCUSSION 
The results obtained for solutions which contained iron 
(III) ion andm complexing reagent and for solutiomwhich 
contained iron(III) ion and acetic acid demonstrate that 
55 . 
the method developed will allow a distinction between systems 
which have polynuclear species present in concentrations which 
are detectable by their visible spectra, and systems which 
do not contain polynuclear species. If the curves obtained 
are coincident, one has strong evidence that polynuclear 
species are not present; if the curves are not coincident, 
polynuclear species are present . A case has been discussed 
where one would obtain coincident curves and still have poly-
nuclear species present . (An example of such a case would 
probably arise with the dichromate ion in certain pH range~) 
But such a case cannot exist for any of the systems in the 
present investigation, as is demonstrated by the observation 
that the absorbances of the solutions are a function of the 
hydrogen ion concentration . 
The evidence that iron(III ) - acetate solutions contain 
polynuclear species is in agreement with the work of Treadwell 
and Fisch (49) and of Perrin (35) . The latter worker concludes 
that the principal species present are Fe(cH3coo) +2 and 
+1 
Fe3(0H )2(CHJC00)6 • Werbel, Dibeler and Vosburg (52) reported 
that the magnetic moment of iron(III) in solutions of 
iron(III) - acetate varies from 3 . 27 Bohr magnetons 
to 4 . 37 Bohr magnetons , depending upon the solution composi-
tion . They interpreted the results as an indication of the 
presence of two or more iron(III) species of which at least 
one has a lower susceptibility. It was observed that the 
change in moment could be explained qualitatively by assign-
ing the lower susceptibility to an iron(III) - acetate 
complex rather than to an iron(III) - hydroxy - acetate 
complex. The basis for the assumption was that the moment 
decreases with increasing acidity when the acetate ion 
concentration is constant , and that the moment decreases with 
increasing acetate ion concentration when the acidity is 
roughly constant . However, these authors did not know, with 
any degree of certainty, just which species were present in 
significant concentrations . But since the compound 
~e3 (cH3C00)6(0H) 2]Clwas known to have a lower susceptibility 
than other iron{III) compounds (13) , it seemed reasonable to 
+1 
assume that the Fe3 (cH3coo) 6 (0H) 2 ion also possessed a 
low moment . 
56 
Werbel and co-workers reported values of 4 . 16 and 4 . 75 
Bohr magnetons for the magnetic moment of iron (III) in solu-
tions containing iron(III) and chloracetate ions. These values 
are lower than the value observed for the hydrated iron(III) 
57 
ion , but higher than the value obtained for the iron(III) -
acetate system. Perrin , in agreement with the earlier work 
of Treadwell and Fisch , gave evidence for the presence of the 
~1 
species Fe3tlCH2C00)6(0H) 2 as well as t he simple 1:1 
complex. From the data obtained in th~ present study it 
can be concluded that polynuclear species are not present 
under the conditions studied . They may be of importance , 
however , under conditions where the solutions are less 
acidic . 
In the case of iron(III} - oxalate solutions , Werbel 
and co-workers report that the magnetic moment of the iron(III) 
/ 
is about 5. 9 £bhr magnetons over a wide range of condit ions . 
The results in the present work lead to the conclusion that 
polynuclear species are not present under the conditions 
studied . This is in agreement with the evidence of several 
groups of workers (3 , 27, 38). It should be noted , however , 
that Fronaeas and La~sson(l5 ) have arrived at the conclusion 
that polynuclear complexes are present in solutions in which 
the iron{III) ion concentration is higher than that studied 
in the present investigation and in the study of Werbel and 
co- workers . 
According to the work of Werbel et al ., the values of 
the magnetic moment for iron{III ) - tartrate systems' vary 
f rom 3 . 89 to 5 . 85 Bohr magnetons . The present work indicates 
the presence of polynuclear species in the pH region of 
0 . 5 ~o 10. In order to be able to decide with certainty 
whether or not the presence of polynuclear species gives 
rise to the lower moment , more quantitative measurements 
must be carried out . 
In the case of iron(III) - citrate solutions polynuclear 
species are present from pH 1 to pH of approximately 6. 
Werbel et al . report that in these solutions the iron(III ) 
has a magnetic moment ranging from 4 . 73 to 5. 78 Bohr magnetons . 
As in the case of the tartrate solutions , it is impossible to 
reach any definite conclusions until it is known with some 
certainty which species are present in given solutions . 
There seems to be some correlation between the presence 
of polynuclear species and the lowering of the magnetic momen~s . 
Thus , the system~ with the lower magnetic moments are the ones 
which have polynuclear species present . By emf measurement~ 
using a glass electrode and oxidation reduction potentials , 
it should be possible to identify the species present in the 
iron(III} - citrate and iron(III) - tartrate solutions and 
it should be further possible to establish the thermodynamic 
stabilities of the various species. When such information 
is known , conditions . (for example , concentration and pH) 
could be regulated so that only a small number of species is 
present . The magne~ic properties of such solutions can be 
studied, and it may be possible to ascribe a certain magnetic 
moment to particular species . The magnetic properties of 
polynuclear species of iron(III) ion should give further 
information about the type of bonding present in such 
complexes . 
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LIST OF SYMBOLS 
M Moles per liter 
phen 1,10 - Phenanthroline 
'l'a r Tartrate ion 
0it Citrate ion 
Equilibrium concentration o~ X 
Total stoichiometric concentration of X 
b [ M 0 H B ] [ Hj (
2p-nq-s) 
r p s g 
rpsq 
A Absorbance (A I = loglO + ) 
Molar absorptivity 
1 Optical path length in centimeters 
f Ionic strength 
m Millimicron 
61 . 
Wave length 
A Absorbance at a given wave length~ • 
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ABSTRACT 
Over the past several years various workers have accu-
mulated evidence for the existence of polynuclear complexes 
of a number of metal ions . In this connection it has been 
established that iron(III) forms polynuclear species with a 
variety of common complexing agents . In the present work an 
investigation was carried out on systems containing iron(III ) 
and selected carboxylic acids . An attempt was made to classify 
the systems according to whether or not they formed polynuclear 
species . For some systems it was established under what condi-
tions polynuclear species are present and under what conditions 
they are not present. 
Evidence has been reported that some polynuclear complexes 
of iron(III) have lower magnetic moments than those of the 
corresponding mononuclear complexes . The magnetic properties 
of the systems investigated in the present study had already 
been reported and it was intended to see if there was any 
correlation between the magnetic moments of these systems and 
the existence of polynuclear species . 
The absorbances of the iron(III) solutions were measured 
as a function of pH . The method which was used to test for 
polynuclear species assumes that the solutions have reached 
equilibrium, that the absorbing species obey Beer ' s Law, and 
v 
that the concentration of the ligand is in large excess to 
the concentration of the metal ion . Mathematically, it 
follows that if only mononuclear species are present , then 
the absorbance of a solution will be proportional to the 
product of the stoichiometric concentration of the metal 
vi 
ion and the optical path length providing certain conditions 
are maintained . These conditions are constant hydrogen ion 
concentration , constant stoichiometric concentration of 
complexing agent , constant ionic medium , constant temperature 
and constant wave length . Thus , if the absorbance values are 
the same for two solutions which have the same value for the 
product of the stoichiometric concentration of the metal ion 
and the optical path length , it can be concluded that the 
solutions contain only mononuclear species . If the absorbance 
values are different , it can be concluded that polynuclear 
species are present . 
In the present investigation the absorbanc~of solutions 
with an iron(III) ion concentration of 10-3M were measured at 
an optical path length of 1 em, and the absorbances of solu-
tions with an iron(III ) ion concentration of 10-~w~e measured 
at a 10 em path length . Those systems that were studied were 
iron(III ) - acetate , iron(Ili) - chloroacetate , iron(III) -
oxalate, iron(III) - tartrate , and iron(III) - citrate . The 
results are summarized in table 1 . 
vii 
Table 1 
System .El! range ~ length Result 
Iron(III) - 1-1 . 5 290m/t No evidence for poly-
perchlorate nuclear species 
Iron(III ) - l .. L. 5 J60mjl Evidence for polynuclear 
acetate species 
Iron(III ) - 0 . 4- 1 . 6 340m Jf No evidence for poly-
chloroacetate 350mj( nuclear species 
Iron(III) - 0 . 4-1 . 6 390m(1 No evidence for poly-
oxalate 410nl;f nuclear species 
Iron(III) - 0-11 . 0 40~~ Evidence for poly-tartrate 42o yr nuclear species for 
pH range of 0 . 5 to 8 . 4 
Iron(III) - o . 5-6 . o 400~ Evidence for poly-
citrate 420 f,l nuclear species for 
pH range of 1 . 0 to 
5. 5 
Table 2 gives a summary of the magnetic prop&rties of solutions 
which have been studied by others . 
System 
Iron (III) -
acetate 
Table 2 
pH range 
Not specified 
Iron(III) - Not specified 
chloroacetate 
Iron (III ) -
oxalate 
Iron(III) -
tartrate 
Not specified 
1 . 0 - 4 . 3 
Magnetic Moments (Bohr l-.~.agnetons ) 
Range 3 . 27 - 4 . 37 
Range 4. 16 - 4. 75 
5. 94 (!· . OJ} 
Magnetic moment decreases then 
increases with increasing pH -
range ) . 89 - 5. 85 
Slstem 
Iron(III) 
citrate 
viii 
Table 2 (Cont . ) 
pH range 
1 . 0 - 5. 5 
Magnetic Moments {Bohr Magnetons) 
Magnetic moment decreases and 
then increases with increasing 
pH - range 4. 73 - 5. 54 
Some correlation can be made between the presence of poly-·-
nuclear species and the lowering of the magnetic moment . How-
ever, in order to test this hypothesis further more quantitative 
work must be done . The use of glass and oxidation - reduction 
electrode measurements should enable one to establish with more 
certainty the species which are present in the various solutions . 
With the aid of further magnetic studies, it should be possible 
to assign specific magnetic moments to particular species . The 
magnetic properties of polynuclear iron{III) species should 
give further information about the type of bonding present in 
such complexes . 
